Abstract
binding and interactive properties, have been reported to be located within disordered regions 1 e.g. phosphorylations of serines and threonines are found within unstructured regions both in 2 eukaryotes (Amoutzias et al., 2012; Iakoucheva et al., 2004; Marchini et al., 2011) There is an emerging body of literature linking the contribution of N-linked glycosylation to the glycoproteins, wherein we mapped predicted ordered and disordered regions, we found N-2 1 glycosites to be enriched predominantly within ordered regions and at some distance from the 2 2 disordered stretches. We give both biochemical (proximate) and evolutionary (distal) reasons for 2 3 this enrichment and argue that this mutual exclusion maintains the balance between the evolution 2 4
of protein structure and function. 
Materials and Methods

6
Sequence retrieval 2 7 Proteins were selected from Uniprot by sequentially applying the following criteria: 1. Encoded 1 by the human genome and 2. Having at least one experimentally elucidated N-linked 2 glycosylation. Subsequently the disorder prediction was performed using Genesilico An emerging literature proposes the tradeoff between the evolution of protein sequence, structure 3 and function (thermodynamic stability and folding) (Gosavi, 2013; Schreiber et al., 1994; 4 Shoichet et al., 1995) . Functional residues that are part of binding and interacting interfaces 5 potentially hinder folding and affect the stability of the tertiary structure. The intuitive 6 explanation for this tradeoff is that the exposed residues that can be subject to evolutionary bias 7 in order to increase the folding of the protein cannot be the relevant residues for the functioning 8 of the proteins or to be precise, a given protein domain. Understanding the parsing of structure-9 and function-contributing residues represents a fascinating problem of molecular evolution or 1 0 conservation pattern followed by amino acid residues.
1
The protein sequences used in this study were found to be involved in different biological and 1 2 molecular functions ( Figure S1 ). In addition, the phylogenetic analysis does not provide any 1 3 direct evidence about the pattern of distribution of disordered regions in the proteins ( Figure S2 ).
4
However, it was observed that proteins which shared some common function or related to the 1 5 same cellular processes, often were clustered in one group. This clustering of proteins provides a 1 6 basic idea about the evolutionary relatedness among them. Therefore, these may help to choose contain variable amino acid sequences, and we observe that they show relatively low 1 9 phylogenetic conservation even among amniote genomes. Despite this, some amino acid residues 2 0 which have longer side chains than others e.g. serine, threonine, aspartate, glutamine, and leucine 2 1 are present repeatedly in the disordered region. The long chains of these amino acids may have 2 2 some significant function in the disordered region which could be related either to bury or 2 3 expose the amino acids according to their position. However, amino acid residues which have 2 4 small side chain e.g. glycine is also abundant in whole protein and disordered regions. This is 2 5 attributed to its ability to be present in the maximum conformational states allowed by 2 6
Ramachandran plot and its small size allows it to fit into the β -turns constituting the structure of to the presence of pyrrolidine ring which contain imino group present in its side chain, which 2 9 allows it to introduce kinks or turns in the protein structure. It is well known that high proline 1 content is generally found in disordered proteins {Prates, 2018 #60}. Our results from this study 2 lead us to propose that a spatial separation between sites of N-glycosites and protein disordered studies that where the protein possesses a particular region which needs to be disordered to act as 1 2 an interacting and binding interface, contributing to the functionality of the protein, the stability- geometry. In confirmation with our hypothesis, both unconjugated proteins unfolded much faster 1 8 than glycoconjugated counterparts.
9
The N-linked glycosylation of proteins also tends to act as an important quality control check 2 0 point for the ability of the protein to fold itself correctly (Xu and Ng, 2015) . Unfolded proteins an enzyme UGGT which binds to them and re-glucosylates restarting the process of unfolded proteins whereas folded proteins escape detection by UGGT allowing the latter to be a 2 8
glycosylation-based checkpoint that examines the folded state of glycoproteins (Sifers, 2004) .
The presence of an N-linked glycosite within a disordered stretch of a glycoprotein would Our results are specific to N-linked glycoproteins which are part of the extracellular milieu. glycosylations allowed these proteins to also have unstructured interfaces in order that they proteins can be taken as representatives and the role of disordered regions can be studied in detail 2 5 by molecular dynamics-based approaches. Further studies will help better understand the role of 2 6 disordered regions in the functionality of proteins at the molecular level. disordered stretches A list of proteins was compiled from Uniprot based on the criteria that they were 6 encoded by the human genome and at the same time had atleast one N-linked glycosylation established 7 through experimental elucidation. Subsequently, one of or more N-glycosites were annotated in its amino 8 acid sequence. The sequence was also submitted to Genesilico Metadisorder in order to annotate the 9 predicted disordered residue stretches. The probability of exclusion/inclusion of N-glycosites within 1 0 disordered regions is shown as a pie chart (bottom). The annotaton of the N-glycosites and predicted 1 1 disordered stretches is given in Supplementary File 1 1 2 Comparison of the enrichment of each amino acid within the complete protein sequence (green) and 3 8 disordered stretches (red), arranged from high (top) to low (bottom). (c) Comparison of the enrichment of 1 each amino acid within the N-glycosite neighborhood (blue) and disordered stretches (red), arranged from 2 high (top) to low (bottom). The percentage of residue abundance is given in Figure S3 . 3 
